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(57) Abstract 

A prosthetic joint is described consisting of an acetabular cup (10) and a 
femoral component having a spherical head (12) of radius R|. The surface (14) of 
the socket in the acetabular cup (10) is defined by an ,l alpharabola ,, . The alpharabola 
geometry is described by: ax 2 + y 2 + z 2 - 2R2X, 0 < a < 1, where R2 is the desired 
minimum radius of curvature; x is a Cartesian coordinate representing distance from 
the point of minimum radius of curvature (30) along the normal to the surface at 
that point; and y and z are the remaining Cartesian coordinates. The alpharabola 
surfaces are surfaces of revolution about the x axis. When R2 is less than Ri, a pool 
of fluid (22) is trapped at the pole of the apharabola and there is an annular contact 
ring (24) between the two surfaces (14, 16) which serves to trap the fluid. When Ri 
is equal to R2, in place of an annular contact ring (24), there is an enlarged contact 
area (26), Both arrangements contribute to more effective squeeze film lubrication 
and less wear on the two components (10, 12). 
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ACETABULAR CUP 

This invention relates to an acetabular cup and to a 
prosthetic hip joint consisting of the acetabular cup and a 
femoral component. In particular, the invention relates to 
such a joint having improved lubrication qualities. 

Background to the inv^tiffr 

Over half a million artificial hip joints are implanted in 
patients every year. These are all ball and socket joints 
with a spherical femoral head and a hemispherical acetabular 
cup or socket. Over 95% of these comprise a hard metal or 
ceramic head, with an ultra-high molecular weight polyethylene 
cup. Other types include metal on metal and ceramic on 
ceramic and, more recently, soft or compliant bearing 
surfaces, termed "cushion form bearings". All these joints 
15 have a primarily spherical geometry with the radius of 
curvature of the head R x being smaller than the radius of 
curvature of the socket R 2 . This allows the joint to be 
assembled and free to move. Typically, the radial clearance 
R 2 - R ; is between 0.05 and 0.5mm. The smaller radial 
20 clearances are used for hard on hard prostheses, such as metal 
on metal and ceramic on ceramic, with larger clearances being 
used for cushion form bearings. For commonly used 
polyethylene R : - R 2 is between 0.01 and 0.03mm. Typically, 
when the two spheres come into contact at a point the 
25 materials then deform elastically with the contact area 
increasing as the load and contact stress increase. The 
radial clearance and the elasticity of the materials determine 
the contact area, stress and lubricating film thickness, all 
of which determine the wear of the materials. 

30 

In hard on hard and cushion form bearings, there are real 
concerns about high levels of friction at start up after 
periods of high constant load when the lubricating film has 
been squeezed out from between the two joint components. It 
35 has been proposed in metal on metal joints to form a dimple 
or local discontinuity in the surface of the cup at the pole,. 
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in an attempt to trap the fluid and reduce friction. It is 
not clear whether this works, but it has been established that 
the dimple produces discontinuities in the stress field. 

5 It is an object of this invention to provide a prosthetic hip 
joint with improved lubrication and reduced wear. 

Summary of T he invention 

According to the present invention, there is provided an 

10 acetabular cup having a concave bearing socket adapted to 
receive the head of the femoral component of a hip prosthesis, 
in which the radius of curvature of the surface^of the socket 
continuously and monotonically decreases from the lip of the 
socket to a minimum R 2 at a point within the socket. The 

15 acetabular cup according to the invention provides distinct 
advantages when used in conjunction with a standard femoral 
component having a substantially spherical head when R 2 is no 
greater than the radius of the spherical head of the femoral 
component R t . When R 2 is equal to R 1 , there is no single point 

20 of contact between the spherical head and the acetabular cup, 
but rather an enlarged contact area through which more uniform 
pressure is applied under load. Furthermore, since towards 
the lip of the socket the radius of curvature increases - and 
hence the amount of curvature decreases - a larger space is 

25 defined between the socket and the head than would be the case 
with two spherical components. 

When R x is greater than R 2 , the bearing still fits together by 
virtue of this continuous monotonic increase in the radius of 

30 curvature as the lip of the socket is approached, but 
importantly a pool of lubricating fluid is trapped at the pole 
of the socket. Both these arrangements contribute to more 
effective "squeeze film lubrication" which occurs when load 
is applied to the joint and a film of lubricating fluid is 

35 squeezed between the two components. They also both act to 
spread the applied load more effectively over the surfaces of 
the components, either over a large contact area towards the 
pole or over a contact area spaced from and distributed around 
the pole. 
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Preferably, the surface of the socket approximates that of a 
sphere at the point of minimum radius of curvature. In these 
circumstances, it is preferred that R 2 is equal to R^ This 
ensures that there is a large contact area between the femoral 
5 head and the acetabular cup socket as discussed previously. 

Alternatively or additionally, it is preferred that the 
surface of the socket coincides with that of a sphere at the 
intersection of the surface of the socket with a plane. In 

10 these circumstances, it is also preferred that R 2 be less than 
R x and that the radius of the sphere with which the surface of 
the socket coincides at the intersection of the surface of the 
socket with the plane be equal to R x . In this way, an annular 
contact ring may be formed between the socket and the head 

15 which traps . lubricating fluid between the two towards the 
point of minimum radius of curvature. 

Both of the above preferred conditions may be satisfied in a 
single socket by arranging for the surface of the socket to 
20 be a surface of revolution about the normal to the surface at 
the point of minimum radius. of curvature. 

grief description of the drawing s 

The present invention will now be described by way of example 
25 with reference to figures 1 to 3 of the accompanying drawings 
in which: 

Figure 1 illustrates a conventional sphere on sphere 
prosthetic hip joint; 

30 Figure 2 illustrates a joint according to the invention 

where R 2 is greater than R 2 ; 

Figure 3 illustrates a joint according to the present 
invention where R a equals R 2 ; and 

35 

Figure 4 illustrates a particular geometry of the 
acetabular cup. 
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Detailed description 

Figure 1 illustrates a conventional sphere on sphere 
prosthetic hip joint. The joint consists of an acetabular cup 
.10 and a spherical head 12 of a femoral component. The cup 
5 10 includes a socket with a spherical concave surface 14 and 
the surface of the spherical head 12 is referenced 16. In the 
example illustrated, the radius R x of the surface 16 is 9.8mm 
and the radius R 2 of the surface 14 is 10mm, giving a 
difference of 0.2mm. This difference affords a clearance 20 
10 between the two components of the joint and lubricating fluid 
is able to penetrate between the two within this clearance. 

When the joint is placed under load, initial contact between 
the two surfaces 14, 16 occurs at a point 18. As the load is 
15 increased, surface deformation will cause the contact area to 
spread until the elastic restoring forces are equal to the 
applied load. 

Because the predominant movement of the natural hip joint is 
20 one of rotation about the femoral head, the two radii R 2 and 
R 2 are selected to be close to one another, thereby reducing 
to a minimum the amount of play in the joint. As a result, 
the squeeze film lubrication performance of this joint is 
relatively poor. 

25 

Figure 2 illustrates an embodiment of the present invention 
in which R : is greater than R 2 . The joint consists of an 
acetabular cup 10 and the spherical head 12 of a femoral 
component. The surface of the spherical head is referenced 

30 16. In this case, the surface 14 of the socket in the 
acetabular cup 10 is defined by an "alpharabola". The use of 
the alpharabola as the geometry of the socket allows the rate 
of change of the curvature of the surface to be varied 
continuously over the surface and this rate of change can be 

35 determined with a single parameter a, once the desired minimum 
curvature is known. This allows the position and size of the 
contact area on the head 12 and cup 10 to be varied, 
permitting pools of lubricating fluid 22 to be trapped in the 
contact to assist lubrication. In addition, the need for a 
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radial clearance between the head 12 and the cup 10 is 
avoided . 



5 



10 



The alpharabola geometry is described by: 
ax 2 + y 2 + z 2 = 2R 2 x 
0 < a < 1 

where: R 2 is the desired minimum radius of curvature; 



x is a Cartesian co-ordinate representing 
distance from the point of minimum radius of 
curvature along the normal to the surface at 
15 that point; and 

y and z are the remaining Cartesian co- 
ordinates . 



20 



25 



30 



35 



All these geometries are symmetrical about the x axis, ie. 
about the normal to the surface at the point of minimum radius 
of curvature, and this ensures that the alpharabola surfaces 
are surfaces of revolution about the x axis. 

In figure 2, R 2 is 10mm and the parameter a is selected to be 
0.5. The radius R x of the head 12 is 10.5mm. As can be seen, 
a pool of fluid 22 is trapped at the pole of the alpharabola 
and there is an annular contact ring 24 between the two 
surfaces 14, 16 which serves to trap the fluid. In addition, 
the decreasing radius of curvature of the surface 14 of the 
cup 10 as one approaches the rim ensures that the two surfaces 
14, 16 define a relatively large clearance 20 at the rim of 
the cup. This facilitates the ingress of lubricating fluid. 

Figure 3 illustrates a joint according to the invention in 
which R 2 is equal to R 2 at 10mm. Again, the parameter a is 
selected to be 0.5. As can be seen, there is again a 
relatively large clearance 20 between the two surfaces 14, 16 
towards the rim of the cup, but in place of an annular contact 
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ring 24, there is an enlarged contact area 26. Again, this 
contributes to more effective squeeze film lubrication and 
less wear on the two components. The reduction in wear is 
important, since it in turn reduces the amount of debris in 
5 the joint, which debris can cause unwanted reaction in the 
surrounding tissue. 

The parameter a can be selected according to the 
circumstances, but is necessarily less than unity. Usually, 

10 a will be greater than 0 and preferably lies between 0.5 and 
0,9. Values of a close to unity will in general be selected 
for metal on metal or ceramic components . Intermediate values 
will be chosen for polyethylene cups and lower values for 
cushion form bearings. The difference R x - R 2 will normally 

15 be selected to lie between 0 and 1mm. 

As can be seen from figure 4, the axis of symmetry of the 
alpharabola need not coincide with the polar axis of the cup, 
ie. need not be normal to the rim 28 of the cup 10. The point 
20 of minimum radius of curvature, referenced 30 will be 
positioned so that the normal to the surface at that point 
coincides with the direction at which load on the joint will 
predominantly be applied. 
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C LAIMS 



1 . An acetabular cup having a concave bearing socket 
adapted to receive the head of the femoral component of 
5 a hip prosthesis, in which the radius of curvature of 

the surface of the socket continuously and monotonically 
decreases from the lip of the socket to a minimum R 2 at 
a point within the socket, 

10 2. An acetabular cup according to claim 1 in which the 
surface of the socket approximates that of a sphere at 
the said point. 

3. An acetabular cup according to claim 1 in which the 
15 surface of the socket approximates that of a sphere at 

the intersection of the surface of the socket with a 
plane. 

4. An acetabular cup according to claim 2 or claim 3 in 
20 which the surface of the socket is a surface of 

revolution about the normal to the surface at the said 
point of minimum radius of curvature. 



25 



5. An acetabular cup according to claim 4 in which the 
surface of revolution is defined by the following 
relationship : 



ax 2 + y 2 + z 2 = 2R 2 x 
30 0 < a < 1 

where: x is a Cartesian coordinate representing 
distance from the said point along the said 
normal ; and 

35 



y and z are the. remaining Cartesian 
coordinates . 
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6. An acetabular cup according to claim 5 in which: 

0.5 £ a < 0.9. 

5 7. A hip prosthesis comprising an acetabular cup according 
to any preceding claim and a femoral component having a 
substantially spherical head, the concave bearing socket 
being adapted to receive the head of the femoral 
component, in which R 2 is no greater than the radius of 
the spherical head of the femoral component R x . 

8. A hip prosthesis according to claim 7 in which R 2 is 
equal to R x and the surface of the socket approximates 
that of a sphere of radius R x at the said point. 



9. A hip prosthesis according to claim 7 in which R 2 is less 
than R : and the surface of the socket approximates that 
of a sphere of radius R x at the intersection of the 
surface of the socket with a plane. 



20 



10. 



A hip prosthesis according to claim 9 in which: 



0 <s R : - R 2 < 1mm. 
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